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BUFFER CIRCUIT WITH VOLTAGE 
CLAMPING AND METHOD 

FIELD OF THE INVENTION 

The present invention relates generally to buffer circuits 
for analog signals, and in particular, buffer circuits having 
voltage clamping features. 

BACKGROUND OF THE INVENTION 

Buffering and clamping analog signals are important 
operations in many analog and mixed-signal circuits. One 
common buffer circuit utiliZes a pair of MOS transistors, 
With one transistor being in the source-folloWer con?gura 
tion and the second transistor operating as a current source 
coupled to the source electrode of the ?rst transistor. This 
source folloWer circuit provides a gain of approximately 
one. 

FIG. 1A is another exemplary prior art buffer circuit 6 
Which provides a more precise gain of one. FIG. 1B shoWs 
the output of the buffer circuit 6 connected to the input a 
circuit 8 Which performs further processing of the buffered 
output. Circuit 8 can perform almost any type of operation 
on the buffered output, including, by Way of example, a line 
driver circuit, a comparator circuit or the like. 

The FIG. 1A circuit 6 includes a pair of NMOS input 
transistors M1 and M2 Which are connected as a differential 
pair. Atail current source, comprising NMOS transistor M4, 
is coupled to the common source connections of transistors 
M1 and M2. A PMOS load transistor M3, Which operates in 
the saturation region, is connected betWeen input transistor 
M2 and the supply VDD. The output Out of the buffer circuit 
is at the node intermediate input transistor M2 and load 
transistor M3. The differential ampli?er has a relatively high 
open loop gain. A direct feedback connection is made from 
the output back to the inverting input of the differential 
ampli?er, the gate of transistor M2, Which sets the gain to be 
close to one. 

In some applications, it is desirable to be able to clamp the 
output of the buffer circuit so that the output does not eXceed 
some maXimum and some minimum predetermined values. 
The prior art circuit 6 of FIG. 1A does not provide these 
capabilities. As Will become apparent to those skilled in the 
art upon a reading of the folloWing Detailed Description of 
the Invention together With the draWings, the present inven 
tion successfully addresses this shortcoming of the prior art. 

SUMMARY OF THE INVENTION 

A buffer circuit arrangement having voltage clamping 
capabilities is disclosed. The buffer circuit output generally 
folloWs the input until the input approaches either ?rst or 
second clamping voltages, at Which point the output no 
longer folloWs the input but remains clamped at either a 
loWer or an upper level deter mined by ?rst and second 
clamping voltages. 

The buffer circuit is connected betWeen ?rst and second 
poWer supply rails and includes an input MOS transistor 
having a gate for receiving the input voltage to be buffered. 
A current source is connected intermediate a source of the 
input transistor and the ?rst poWer supply rail. A ?rst 
clamping transistor is provided having a source coupled to 
the source of the input transistor and a gate for receiving the 
?rst clamping voltage. A second clamping transistor is also 
provided connected in series With the input transistor and 
having a gate for receiving the second clamping voltage. 

In one embodiment, the buffer circuit is con?gured as a 
source folloWer circuit having an output Which is located at 
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2 
the source of the input transistor. The output is coupled to a 
subsequent circuit Which performs further processing on the 
buffered output. In another embodiment, the buffer circuit is 
implemented as a differential ampli?er, With one side includ 
ing the input transistor and the ?rst and second clamping 
transistors. The output is located on the other side of the 
differential ampli?er. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a conventional buffer circuit not having output 
voltage clamping capabilities. 

FIG. 1B is a conventional buffer circuit having an output 
connected to subsequent circuitry for further processing of 
the buffered output. 

FIG. 2A is a schematic diagram of a ?rst embodiment of 
the present invention implemented in a differential ampli?er 
con?guration. 

FIG. 2B shoWs a variation of one of the transistor con 
nections of the FIG. 2A circuit. 

FIG. 2C is a schematic diagram of a complement version 
of the FIG. 2A embodiment. 

FIG. 3 is a graph shoWing the transfer characteristics of 
the FIG. 2A circuit. 

FIG. 4 is a schematic diagram of a second embodiment of 
the present invention implemented as a source folloWer 
circuit. 

FIG. 5 is a graph shoWing the transfer characteristics of 
the FIG. 4 circuit. 

FIG. 6 is compliment version of the FIG. 4 second 
embodiment. 

FIG. 7 is a variation of the second embodiment of the 
present invention using level shifting circuitry so that the 
output voltage is clamped closely to the levels on the input 
clamping voltages. 

FIG. 8 is a graph shoWing the transfer characteristics of 
the FIG. 7 circuit. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring again to the draWings, FIG. 2A is a circuit 
diagram of a buffer circuit 10 having voltage clamping 
capability in accordance With one embodiment of the present 
invention. The buffer circuit 10 includes a pair of differential 
input NMOS transistors 12 and 14 having a tail current 
source coupled to their common sources. The tail current 
source includes another NMOS transistor 22 biased in 
saturation by a ?Xed bias voltage BiasN. It should be noted 
at this point that the term MOS transistor, as used in the 
present application, is intended to encompass all types of 
FET devices, including JFETs, as opposed to bipolar 
devices. Thus, for example, a PMOS transistor Would 
include all types of PFET devices including PMOS and 
PFET devices. 

A PMOS load transistor 16 is connected betWeen input 
transistor 14 and positive supply voltage VDD. Transistor 16 
functions as a current source and could be implemented 
using other circuitry such as cascoded transistors and a 
resistor. Transistor 16 is biased in saturation by a ?Xed bias 
voltage BiasP. The output of the differential ampli?er, the 
drain of transistor 14, is connected directly to the inverting 
input, the gate of transistor 14, so as to provide unity gain. 
An NMOS transistor 20 is connected in parallel With input 
transistor 12, With the gate of transistor 20 receiving a 
voltage LoW Clamp Which sets the magnitude of the loW 
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voltage at Which the output voltage, Output, is clamped. A 
further NMOS transistor 18 is connected betWeen input 
transistor 12 and the supply voltage VDD. The gate of 
transistor 18 receives a voltage High Clamp Which sets the 
magnitude of the high voltage at Which the output voltage 
Output is clamped. 

In operation, if the voltage Input falls betWeen the voltage 
High Clamp level and the voltage LoW Clamp level, the 
source voltage of transistor 12, and thus the source voltage 
of transistor 20, Will be suf?ciently high to keep transistor 20 
off. Transistor 18 Will be conductive, but Will not interfere 
With operation of transistor 12 Which Will be operating in the 
saturation region. Thus, the differential ampli?er Will oper 
ate in a normal mode, With the negative feedback connection 
from the output voltage Output to the gate of transistor 14 
maintaining the gate voltage of transistor 14 at the same 
voltage as the gate voltage of transistor 12, Which is voltage 
Input. 
As voltage Input approaches the voltage LoW Clamp, 

transistor 20 begins to turn on and to redirect the current 
?oW from transistor 12 to transistor 20. Transistor 20 then 
begins to act as a differential pair in combination With 
transistor 14 so that the gate voltage of transistor 14 Will 
match the gate voltage of transistor 20, namely, voltage LoW 
Clamp. The output Will thus no longer track voltage Input, 
but Will remain ?xed at voltage LoW Clamp. Note that the 
FIG. 2A circuit can operate is substantially the same manner 
With the drain of transistor 20 connected directly to supply 
VDD, rather than to the drain of transistor 18, as shoWn in 
FIG. 2B. 

As voltage Input approaches voltage High Clamp, the 
drain-source voltage of transistor 12 Will begin to decrease. 
When voltage Input goes near voltage High Clamp, transis 
tor 12 Will begin to exit the saturation region of operation 
and proceed to enter the linear region of operation. Under 
these conditions, transistor 12 can be considered a resistive 
sWitch having a resistance Which decreases as voltage Input 
increases beyond voltage High Clamp. Consequently, the 
tail current source is effectively tied to the source of tran 
sistor 18. Accordingly, transistor 18 effectively replaces 
transistor 12 as part of the differential pair, so that the gate 
voltage of transistor 14, and hence voltage Output, Will track 
the gate voltage of transistor 18 Which is ?xed at voltage 
High Clamp rather than tracking voltage Input. Thus, volt 
age Output Will remain clamped near the voltage High 
Clamp. 

FIG. 3 is a set of transfer curves for the FIG. 2A circuit 
using simulation and assuming a supply voltage VDD of +5 
volts. As can be seen by the curves, the voltage Output 
closely tracks the voltage Input for those inputs Which fall 
betWeen the LoW Clamp and High Clamp voltages. There 
are ?ve LoW Clamp voltages depicted in FIG. 3, including 
0.0, +0.5 volts, +1.0 volts, +1.5 volts and +2.0 volts. The 
curves for LoW Clamp voltages 0.0 and +0.5 overlap. There 
are also ?ve High Clamp voltages shoWn, including +3.0 
volts, +3.5 volts, +4.0 volts, +4.5 volts and +5.0 volts. As can 
also be seen in FIG. 3, voltage Output is clamped to the 
particular LoW Clamp voltage being used When Input drops 
doWn to that LoW Clamp voltage. Similarly, voltage Output 
is clamped at one of the High Clamp voltages should voltage 
Input increase to the particular High Clamp voltage being 
used. 

Note that voltage Output cannot sWing above about +4.8 
volts (VDD=+5 volts) because PMOS load transistor 16 
collapses into the linear region of operation. Voltage Output 
also cannot sWing beloW about +0.85 volts When the NMOS 
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4 
threshold voltage is about 0.7 volts because the tail current 
source, transistor 22, collapses. If it is desired to buffer Input 
voltages that are near ground, as shoWn in FIG. 2C, the 
polarity of all the transistors can be reversed by replacing all 
of the NMOS transistors 12, 14, 18 and 20 of FIG. 2A With 
a PMOS transistors, by replacing PMOS transistor 16 With 
an NMOS transistor and by reversing supply rails VDD and 
VSS. 
A further embodiment of the present invention is based 

upon a source folloWer transistor con?guration as opposed 
to a differential ampli?er con?guration. FIG. 4 shoWs a 
source folloWer circuit, generally designated by the numeral 
24, having voltage clamping capabilities. NMOS transistor 
26, having a gate Which forms the circuit input and a source 
that forms the circuit Output, is connected to a current 
source. The current source includes an NMOS transistor 28 
Which is biased in saturation by a ?xed bias voltage BiasN. 

Circuit 24 further includes an NMOS transistor 30 con 
nected betWeen the supply voltage VDD and transistor 26. 
The gate of transistor 26 is connected to a voltage High 
Clamp. Another NMOS transistor 32 is connected in parallel 
With transistor 26, With the gate of transistor 32 receiving a 
voltage LoW Clamp. Note that the drain of transistor 32 
could also be connected directly to supply VDD as previ 
ously discussed in connection With FIG. 2B. 
When voltage Input is greater than voltage LoW Clamp 

and less than voltage High Clamp, the common source 
voltages of transistors 26 and 32 are suf?ciently high to keep 
transistor 32 off. Voltage Output Will then track voltage 
Input. The difference betWeen voltage Input and voltage 
Output Will the gate-source voltage of transistor 26. 
When voltage Input goes beloW voltage LoW Clamp, 

transistor 26 turns off and transistor 32 turns on. Thus, the 
current that Was ?oWing through transistor 26 is redirected 
to transistor 32. As a result, voltage Output no longer folloWs 
voltage Input doWnWard but is, instead, clamped near volt 
age LoW Claim less that gate-source voltage of transistor 32. 
When the voltage Input increases to voltage High Clamp, 

the drain-source voltage of transistor 26 Will decrease to the 
point that transistor 26 Will enter the linear region of 
operation. Under these conditions, transistor 26 can be 
considered a resistive sWitch having a resistance Which is 
reduced as voltage Input is increased above voltage High 
Clamp. As a consequence, the output is effectively tied to the 
source of transistor 30 so that voltage Output is approxi 
mately equal to voltage High Clamp less the gate-source 
voltage of transistor 30. 

FIG. 5 is a simulation of the FIG. 4 circuit shoWing the 
relationship betWeen the Input and Output voltages for 
various values of voltages LoW Clamp and High Clamp. 
There are ?ve LoW Clamp voltages depicted in FIG. 5, 
including 0.0 volts, +0.5 volts, +1.0 volts, +1.5 volts and 
+2.0 volts. The curves for voltage LoW Clamp at 0.0 and 
+0.5 overlap. There are ?ve High Clamp voltages shoWn, 
including +3.0 volts, +3.5 volts, +4.0 volts, +4.5 volts and 
+5 .0 volts. As expected, the FIG. 4 circuit is not as precise 
as the circuit of FIG. 2. 

The voltage gain of the FIG. 4 circuit is approximately 
0.85. The gain of less than unity is due to modulation of the 
threshold voltage of transistor 26 When the bulk-source 
voltage changes With voltage Input. The bulk-source voltage 
can be made ?xed by connecting the P Well in Which 
transistor 26 is disposed, if the Well is available, directly to 
the source of the transistor. It Will also be necessary to 
connect the P Wells of transistors 30 and 32 to their respec 
tive sources. This Will prevent the modulation so that the 
gain is very near unity. 
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Circuit 34 of FIG. 6 is the complement of the FIG. 4 
circuit 24, With the NMOS transistors of circuit 24 being 
replaced by PMOS transistors. In addition, supply rails VDD 
and VSS are reversed. Again, it Would be possible to 
connected the drain of transistor 40 directly to supply rail 
VSS to obtain substantially the same operation. In addition, 
if N Well technology is used, the bulk-source modulation can 
be eliminated so as to achieve a gain very close to unity by 
connecting the N Well of transistor 36 directly to the source 
of transistor 36. Again, it Will also be necessary to connect 
the N Wells of transistors 38 and 40 to their respective 
sources. 

FIG. 7 is a variation of the FIG. 4 circuit Where voltage 
Output is clamped more closely to voltages High Clamp and 
LoW Clamp. Transistor 44 receives voltage Input and has a 
source connected to current source transistor 50 and gener 
ally corresponds to transistor 26 of the FIG. 4 circuit. 
Transistor 48 is connected in parallel With transistor 44 and 
corresponds to transistor 32 of FIG. 4. Again, similar circuit 
operation can be achieved by connecting the drain of tran 
sistor 48 directly to supply VDD. Transistor 46 is connected 
intermediate transistor 44 and supply voltage VDD and 
generally corresponds to transistor 30 of FIG. 4. 

Level shifting circuitry is connected to voltage LoW 
Clamp and voltage High Clamp. Transistors 54 and 52 are 
the same siZe and operate as current sources With the 
currents through transistors 56 and 58 tracking one another 
and being approximately equal to the current provided by 
current source transistor 50. The sources for voltage High 
Clamp and LoW Clamp must be relatively loW impedance 
sources so as to be capable of sinking current associated With 
the level shifting circuitry. 

It can be seen by inspection that the gate-source voltage 
of transistor 58 subtracts from the gate-source voltage of 
transistor 48, With the tWo voltages being equal because 
transistors 48 and 58 are the same siZe and conduct the same 
current. Thus, the voltage Output Will be clamped at voltage 
LoW Clamp, rather than being offset by one gate-source 
voltage When voltage Input falls beloW voltage LoW Clamp. 

It can also be seen by inspection of FIG. 7 that the 
gate-source voltage of transistor 56 subtracts from the 
gate-source voltage of transistor 46, With the tWo voltages 
being equal due to the fact that transistors 56 and 46 conduct 
the same current and are the same siZe. Thus, the voltage 
Output Will be clamped closely to voltage High Clamp 
rather than being offset by a gate-source voltage. 

FIG. 8 is a graph shoWing the relationship betWeen 
voltages Input and Output for various values of voltages 
LoW Clamp and High Clamp. The LoW Clamp voltages are 
0.0 volts, +0.5 volts, +1.0 volts and +1.5 volts. The effect of 
the level shifting circuitry can be seen in that voltage Output 
is close to the selected LoW Clamp voltage When voltage 
Input falls beloW that selected LoW Clamp voltage. The 
High Clamp voltages are +2.0 volts, +2.5 volts, +3.0 volts 
and +3.5 volts. Again, the effect of the level shifting circuitry 
is that voltage Output is close to the selected voltage High 
Clamp When voltage Input increases above that selected 
High Clamp voltage. 

The effects of threshold modulation can be eliminated by 
connecting the bulk of NMOS transistor 44 to the source of 
the transistor. In that case, a similar connection should be 
made for transistors 46, 48, 56 and 58. In addition, the 
complement of the FIG. 7 circuit can be obtained by 
replacing the NMOS transistors With PMOS transistors and 
replacing the PMOS transistors With NMOS transistors and 
reversing the supply rails. 
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6 
Thus, various embodiments of a novel buffer circuit 

having voltage clamping capabilities have been disclosed. 
Although these embodiments have been described in some 
detail, certain changes could be made by those skilled in the 
art Without departing from the spirit and scope of the 
invention as de?ned by appended claims. 
What is claimed is: 
1. A buffer circuit arrangement having voltage clamping 

capabilities, said buffer circuit comprising: 
?rst and second poWer supply rails; 
an input MOS transistor having a gate for receiving an 

input signal to be buffered; 
a current source connected intermediate a source of the 

input MOS transistor and the ?rst poWer supply rail; 
a ?rst clamping MOS transistor having a gate for receiv 

ing a ?rst clamping voltage and a source coupled to a 
source of the input MOS transistor; 

a second clamping MOS transistor de?ning a drain-source 
current path connected in series With a drain-source 
current path of the input MOS transistor, With the 
second clamping MOS transistor having a gate for 
receiving a second clamping voltage; and 

subsequent signal processing circuitry having an input 
coupled to an output of the buffer circuit, Wherein the 
output of the buffer circuit is at a buffer circuit location 
other than a node intermediate the input MOS transistor 
and the second poWer supply rail and other than a node 
intermediate the ?rst clamping transistor and the sec 
ond poWer supply rail. 

2. The buffer circuit arrangement of claim 1 Wherein the 
?rst input MOS transistor is con?gured relative to the ?rst 
clamping MOS transistor such that the ?rst MOS clamping 
transistor proceeds to sWitch from a non-conductive state to 
a conductive state When an input signal voltage approaches 
the ?rst clamping voltage. 

3. The buffer circuit arrangement of claim 2 Wherein the 
input MOS transistor is con?gured relative to the second 
clamping MOS transistor such that operation of the input 
MOS transistor proceeds to change from a saturation region 
of operation to a linear region of operation When the input 
signal voltage approaches the second clamping voltage. 

4. The buffer circuit arrangement of claim 3 Wherein the 
input, the ?rst clamping and the second clamping MOS 
transistors are NMOS transistors and a voltage to be applied 
to the second poWer supply rail is positive With respect to a 
voltage to be applied to the ?rst poWer supply rail. 

5. The buffer circuit arrangement of claim 3 Wherein the 
input, the ?rst clamping and the second clamping MOS 
transistors are PMOS transistors and a voltage to be applied 
to the ?rst poWer supply rail is positive With respect to a 
voltage to be applied to the second poWer supply rail. 

6. The buffer circuit arrangement of claim 1 Wherein the 
output of the buffer circuit is a node intermediate the current 
source and the source of the input MOS transistor. 

7. The buffer circuit arrangement of claim 6 Wherein a 
drain of the ?rst clamping MOS transistor is coupled to a 
node intermediate the input MOS transistor and the second 
clamping MOS transistor. 

8. The buffer circuit arrangement of claim 6 Wherein a 
drain of the ?rst clamping MOS transistor is coupled to the 
second supply rail. 

9. The buffer circuit arrangement of claim 6 further 
including level shifting circuitry con?gured to produce the 
?rst clamping voltage by shifting a third clamping voltage 
by a voltage approximately equal to a gate-source voltage of 
the ?rst clamping MOS transistor and con?gured to produce 
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the second clamping voltage by shifting a fourth clarnping 
voltage by a voltage approximately equal to a gate-source 
voltage of the second clamping MOS transistor. 

10. The buffer circuit arrangement of claim 9 Wherein the 
level shifting circuitry includes a ?rst level shifting MOS 
transistor having a source for receiving the third clarnping 
voltage and a second level shifting MOS transistor having a 
source for receiving the fourth clarnping voltage. 

11. The buffer circuit arrangement of claim 6 Wherein a 
bulk of input MOS transistor is connected to the source of 
the input MOS transistor. 

12. The buffer circuit arrangement of claim 1 Wherein the 
input MOS transistor is a ?rst input MOS transistor and 
further including a second input MOS transistor having a 
source coupled to the current source and a load MOS 
transistor de?ning a drain-source current path connected in 
series With a drain-source current path of the second input 
MOS transistor and Wherein the output of the buffer circuit 
is a node intermediate the load MOS transistor and second 
input MOS transistor. 

13. The buffer circuit arrangement of claim 12 further 
including a feedback connection betWeen the buffer circuit 
output and a gate of the second input MOS transistor. 

14. The buffer circuit of claim 13 Wherein the ?rst input, 
second input, ?rst clarnping and second clamping MOS 
transistors are NMOS transistors and the load MOS transis 
tor is a PMOS transistor. 

15. The buffer circuit of claim 13 Wherein the ?rst input, 
second input, ?rst clarnping and second clamping MOS 
transistors are PMOS transistors and the load MOS transis 
tor is a NMOS transistor. 

16. Abuffer circuit arrangernent having voltage clarnping 
capabilities, said buffer circuit comprising: 

?rst and second poWer supply rails; 
an input MOS transistor having a gate for receiving an 

input signal to be buffered; 
a current source connected interrnediate a source of the 

input MOS transistor and the ?rst poWer supply rail; 
a ?rst clarnping MOS transistor having a gate for receiv 

ing a ?rst clarnping voltage and a source coupled to a 
source of the input MOS transistor; 

a second clamping MOS transistor de?ning a drain-source 
current path connected in series With a drain-source 
current path of the input MOS transistor, With the 
second clamping MOS transistor having a gate for 
receiving a second clamping voltage; and 

subsequent signal processing circuitry having an input 
coupled to an output of the buffer circuit, With the 
output of the buffer circuit being located at a node 
intermediate the input MOS transistor and the current 
source. 

17. The buffer circuit arrangement of claim 16 Wherein 
the ?rst input MOS transistor is con?gured relative to the 
?rst clarnping MOS transistor such that the ?rst MOS 
clarnping transistor proceeds to switch from a non 
conductive state to a conductive state When an input signal 
voltage approaches the ?rst clarnping voltage. 

18. The buffer circuit arrangement of claim 17 Wherein 
the input MOS transistor is con?gured relative to the second 
clamping MOS transistor such that operation of the input 
MOS transistor proceeds to change from a saturation region 
of operation to a linear region of operation When the input 
signal voltage approaches the second clamping voltage. 

19. The buffer circuit arrangement of claim 18 Wherein 
the input, the ?rst clarnping and the second clamping MOS 
transistors are NMOS transistors and a voltage to be applied 
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8 
to the second poWer supply rail is positive With respect to a 
voltage to be applied to the ?rst poWer supply rail. 

20. The buffer circuit arrangement of claim 18 Wherein 
the input, the ?rst clarnping and the second clamping MOS 
transistors are PMOS transistors and a voltage to be applied 
to the ?rst poWer supply rail is positive With respect to a 
voltage to be applied to the second poWer supply rail. 

21. The buffer circuit arrangement of claim 18 Wherein a 
drain of the ?rst clarnping MOS transistor is coupled to a 
node intermediate the input MOS transistor and the second 
clamping MOS transistor. 

22. The buffer circuit arrangement of claim 18 Wherein a 
drain of the ?rst clarnping MOS transistor is coupled to the 
second supply rail. 

23. The buffer circuit arrangement of claim 18 further 
including level shifting circuitry con?gured to produce the 
?rst clarnping voltage by shifting a third clarnping voltage 
by a voltage approximately equal to a gate-source voltage of 
the ?rst clarnping MOS transistor and con?gured to produce 
the second clamping voltage by shifting a fourth clarnping 
voltage by a voltage approximately equal to a gate-source 
voltage of the second clamping MOS transistor. 

24. The buffer circuit arrangement of claim 23 Wherein 
the level shifting circuitry includes a ?rst level shifting MOS 
transistor having a source for receiving the third clarnping 
voltage and a second level shifting MOS transistor having a 
source for receiving the fourth clarnping voltage. 

25. The buffer circuit arrangement of claim 18 Wherein a 
bulk of input MOS transistor is connected to the source of 
the input MOS transistor. 

26. A buffer circuit comprising: 
?rst and second poWer supply rails; 
a tail current source; 

?rst and second MOS transistors having their sources 
coupled to the tail current source, With a gate of the ?rst 
MOS transistor for receiving an input voltage; 

a third MOS transistor having a source coupled to the tail 
current source and a gate for receiving a ?rst clarnping 
voltage; 

a fourth MOS transistor de?ning a drain-source current 
path connected in series With a drain-source current 
path de?ned by the ?rst MOS transistor, With the fourth 
MOS transistor having a gate for receiving a second 
clamping voltage; 

a ?fth MOS transistor de?ning a drain-source current path 
connected in series With a drain-source current path 
de?ned by the second MOS transistor; and 

a feedback connection betWeen an output of the buffer 
circuit located at a node intermediate the second MOS 
transistor and the ?fth MOS transistor and a gate of the 
second MOS transistor. 

27. The buffer circuit of claim 26 Wherein the ?rst and 
third MOS transistors are con?gured relative to one another 
such that the ?rst transistor begins switching from a con 
ductive state to a less conductive state When the input 
voltage approaches a magnitude of the ?rst clarnping volt 
age. 

28. The buffer circuit of claim 27 Wherein the ?rst and 
fourth MOS transistors are con?gured relative to one 
another such that the ?rst transistor begins to switch from a 
saturation region of operation to a linear region of operation 
as the input voltage approaches a magnitude of the second 
clamping voltage. 

29. The buffer circuit of claim 28 Wherein a drain of the 
third MOS transistor is coupled to a node intermediate the 
?rst and fourth MOS transistors. 
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30. The buffer circuit of claim 28 wherein a drain of the 
third MOS transistor is coupled to the second power supply 
rail. 

31. The buffer circuit of claim 28 Wherein the ?rst, 
second, third and fourth MOS transistors are NMOS tran 
sistors and the ?fth MOS transistor is a PMOS transistor and 
Wherein the second poWer supply rail is for connecting to a 
voltage Which is positive With respect to a voltage to be 
connected to the ?rst poWer supply rail. 

32. The buffer circuit of claim 28 Wherein the ?rst, 
second, third and fourth MOS transistors are PMOS tran 
sistors and the ?fth MOS transistor is a NMOS transistor and 
Wherein the ?rst poWer supply rail is for connecting to a 
voltage Which is positive With respect to a voltage to be 
connected to the second poWer supply rail. 

33. A method of buffering an input voltage comprising: 
providing ?rst, second and third transistors and a current 

source; 

coupling the ?rst and second transistors in series With the 
current source and connecting a source of the third 
transistor to a source of the ?rst transistor, With the 
second transistor being disposed interrnediate a ?rst 
poWer supply rail and the ?rst transistor; 

applying ?rst and second clamping voltages to gates of 
the third and second transistors, respectively; 

applying the input voltage to a gate of the ?rst transistor; 
coupling an output, other than a node interrnediate drains 

of the ?rst and second transistors and the ?rst poWer 
supply rail, to an input of a subsequent circuit, With the 
subsequent circuit being con?gured to further process 
the output, With the output being indicative of the input 
except When the input voltage approaches the ?rst 
clarnping voltage and except When the input 
approaches the second clamping voltage. 

34. The method of claim 33 further including adjusting a 
magnitude of the input voltage so that the magnitude 
approaches a magnitude of the ?rst clarnping voltage and 
causing a conductivity of the ?rst transistor to decrease in 
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response to the adjusting until substantially all of current of 
the current source ?oWs through the third transistor. 

35. The method of claim 34 further including adjusting 
the magnitude of the input voltage so that the magnitude 
approaches a magnitude of the second clamping voltage and 
causing the ?rst transistor to sWitch operation from a satu 
ration region to a linear region in response to the adjusting 
the magnitude of the input voltage so that the magnitude 
approaches a magnitude of the second clamping voltage. 

36. The method of claim 35 Wherein the output is a node 
intermediate the ?rst transistor and the current source. 

37. The method of claim 35 further including providing 
fourth and ?fth transistors connected in series, coupling a 
source of the fourth transistor to the current source and 
coupling the output at a node intermediate the fourth and 
?fth transistors to a gate of the fourth transistors. 

38. A method buffering an input voltage comprising: 
providing ?rst, second, third, fourth and ?fth transistors 

and a tail current source, With the ?rst and third 
transistors being coupled in series and the second and 
?fth transistors being coupled in series and With 
sources of the ?rst, second and fourth transistors being 
coupled to the tail current source; 

coupling ?rst and second clamping voltages to respective 
gates of the fourth and third transistors; 

coupling the input voltage to a gate of the ?rst transistor; 
coupling an output located at a node intermediate the 

second and ?fth transistors to a gate of the second 

transistor; 
adjusting a magnitude of the input voltage in a direction 

toWards the ?rst clarnping voltage so that current ?oW 
through the ?rst transistor is diverted to the fourth 
transistor; and 

adjusting a magnitude of the input voltage in a direction 
toWards the second clamping voltage so that the ?rst 
transistor behaves like a linear resistor. 


